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[««&] wmw 

[0 0 0 1 ] 
[0 0 0 2 ] 

/Wb& , »#S*Lfctf* (#M#fWtK4, 5) , J: i? S&spftT?— amoftv^Sc**** & tit 

[0 0 0 3 ] 

[#fr\fclR 1 1 #M2003-260363 

[##It^H ] Kafarski, P.; Lejczak, B. Aminophosphonic and Aminophosphini 
c Acids; Kukhar, V. P.; Hudson, H. R. Ed.; John Wiley and Sons, 2000; Chap. 
12, p 407. 

[^RpWvfcKR 2 ] Schollkopf, U. ; Schutze, R. Liebigs Ann. Chem. 1987, 45. 
[##ft»3] Schrader, T. ; Kober, R. ; Steglich, W. Synthesis 1986, 372. 
[##fttf 4] Sasai, H. ; Arai, S. ; Tahara, Y. ; Shibasaki, M. J. Org. Chem. 
1995, 60, 6656. 

l^pSfeffJZfflt 5 ] Kukhar, V. P. Aminophosphonic and Aminophosphini c Acids; Kuk 
har, V. P.; Hudson, H. R. Ed.; John Wiley and Sons, 2000; Chap. 5, p 127. 

[##lrif 6] Kobayashi, S. ; Matsubara, R. ; Nakamura, Y. ; Kitagawa, H. ; Su 
giura, M. J. Am. Chem. Soc. 2003, 125, 2507. 
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R 3 R 3 R 3 R 3 

5— v M 

R 4 N NR 4 rtr R 4 N N R 4 
TfO- Cu -OTt TtO- CU -OTf 

^tLtv^UK 77^*^ftii»l?2bS. OTf i±0S0 2 CF 3 (h 
>J77-f) 
[0 0 0 8] 

) hV77-ft T^: 
Mb 5] 

R 3 R 3 R 3 R 3 

3 — V or A } \ 

R 4 NH NHR R N H NHR 

(^tfs R 3 &£/R 4 {4ftfEfc|W|#^^«$tL^o ) 0^7^v7^*f>ii$ft^o 
[0 0 0 9] 

3f:|&WOEt&W"C** «-^57 sfrX^m^^xJWiT^^tt&o 
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>^->*;V#-;Vx CI3CCH2OCO-K Boc(t-7' h 3^>#;W1?-;VK Teoc( h V ^ ^^v 7 J 
)Vx)>^->*;Wf-JK Me 3 SiCH2CH 2 0C0-), Ac(7^^»K CH3 (CH2 ) n C0-^ CO 7 -> 
^7& ? W <b ^l/^>!T?y ««2£ t L<> # UTroc (*) W £ L 



[ft 3] 
R 5 OSi(R 8 ) 3 



r 5 ^r 6 (i N -c&oTk^&oT£ J: < . 7jcfffM : ?s r;v*;v^ 7'J-^S 

R 7 teT;l^;V^ 7'J-;Vi, 7 7iV^r^ T ;V n ^vSXIi7.JV7 -f K* (- S 

r 9 ; r 9 iir;v^r;v*, U t L < iiRHW 1 ~ 4 <DT;v^;v***-to ) £frfo r 



*7*7tx7fiVtLTl±N- (2, 2, 2 - b 'J 7 nox f ^y*;V,fx;v) ^57 
(HFIP) (Tetrahedron' 1997, 53, 17015 ; J. Am. Chem. Soc. 2001, 123, 4480 
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Eto§ m ? SiMe3 C"(Q Tf >2^3 i\o :ft y^r Ph 

EtO P ^ N ^Troc <^ Ph CH2Cl2i 0 °C Troc' NH ° 



4a 
2a 
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ee (%) 


1 


-HFIP(I.Oeq) 


78 


49 


2 


HFIP(1-0 eq) 


87 


65 


3 a 


HFIP(1.0 eq) 


81 


89 


4a b 


HFIP (2.0 eq) 


78 


93 


5 ab 


HFIP (2.0 eq), MS3A (50 g/mol) 


82 


92 


gab 




86 


91 



3 1 was slowly added for 8.0 h. ph Rl 

b 2 was slowly added for 8.0 h. ^ ^ 



NH HN 
a-Nap' a-Nap 
3 

[0013] 
[It 4] 

R i 0v 9 R=R° R'O ° R«R« 

R'0/ P yV R or R^ P V X Y 
NH ° NH 

| 1 

R 2 R 2 

r 1 > r 2 . r 4 x r 5 wr 7 i±mmtmm~%.M-zfo2>o ) 

[0 0 14] 

, RJEafK^aiK^O. 0 1-0. 2MO|MBtf*£Ra"C**o ftA^OffiSEzUtc&t'ftl! 

£*U ®#3 0^?>2 4I$HK 0SL< tt3l*IHI*»e> 6l*miO|eHt?**o ffl (ID > 
'j77-fi^7JVy7< >-colb^« l : l ~ l : 2 . 03: L < li 1 : 1 . 0 ~ 1 : 1 . 

2 t?** 0 S*»«W*t4. RtSSH:*fLT 0 . 1 %~ 3 0 %> fff L < t± 5 %~ 2 0 
[0 0 15] 

3f £ i $ *V^tEffl"C, 1 mmo 1 KttLX 1 0~5 0 0mg"C, * L < 

ii 50-300mg-c*So v v h t± o "Ctt^-etinx. (vmTZ LV> 0 HFI 

P ttil^lIftLT^I] $ *l& ^\ ^WftiililSttL-C 0-5 MM. L < 
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[0 0 16] 

£ !? 1:7X^7 ^ >tll{$ ttb 6 ) ***lfi*ffl#ffl'ffr&'W (ft 7 ) ^o3Ejft**W 

) o 

[ft 6] 

i^YY s<Bu Ag(QCOCF3) - U^^y 0 " 

^NH O EtOH.rt NH 2 O 

Troc 

[0 0 17] 
[It 7] 

R10 ^R 10 



.NH O NH 2 0 
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Troc' 



4g: R 10 = CI. R 11 = CI 7g: R 10 = CI, R" = CI 

4j: R 1 °= H, R 11 = N0 2 7j: R 10 = H, R 1 = N0 2 

[0 0 18] 

[its] 

CH3SO3H (2.4eq) 
n AcOH (2.0 eq) 

R" NH ° AcOEt/EtOH 
aI — 4a : R = Troc (93% ee) =1/1 
L*5 : R = H rt, 12 h 




93% ee 



' Zn (7.0 eq), AcOH, rt, 2.0 h, 96% 



[0 0 19] 

i;iT\ mnmi-r*§kmz$m-f&i) t *mm*mfcir& - 1 ^w^^tii^v^ 

IT© Hifetf J J' £ v > t , OitttlT^ TO ft T iffl 5e L It 0 

(1) NMR*^* MV : JEOL-LA3003U±JEOL-LA500 (B**^ (80 S) 

(2) IR*^ : JASCO FT/IR-610 (B### (W) ») 

(3) I JASCO P-1010 (B##ft (80 ») 

t DMFtf, J EV + a7-'>-y©*i?T , C^t47)l'fK K 7 * y - /Ufa^fl:** 
[0 0 2 0] 

(1) Catalytic Asymmetric Synthesis of ?-Amino Phophonates Using Enantioselective 
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Carbon-Carbon Kafarski, P. ; Lejczak, B. Aminophosphonic and Aminophosphinic Aci 
ds; Kukhar, V. P.; Hudson, H. R. Ed.; John Wiley and Sons, 2000; Chap. 12, p 407 

(2) Schollkopf, U. ; Schutze, R. Liebigs Ann. Chem. 1987, 45. 

(3) Schrader, T. ; Kober, R. ; Steglich, W. Synthesis 1986, 372. 

(4) Sasai, H. ; Arai, S. ; Tahara, Y. ; Shibasaki, M. J. Org. Chem. 1995, 60, 6656. 

(5) Kukhar, V. P. Aminophosphonic and Aminophosphinic Acids; Kukhar, V. P.; Hudso 
n, H. R. 

Ed.; John Wiley and Sons, 2000; Chap. 5, p 127. 
[0 0 2 1 ] 

WlikM 1 1 s y ± * * >Bfe v Z JkMSL^MSt 
yn^E- (2, 2, 2 - 1 U 9 nnx h ^fy*jv^;v7 5 J ) ^ f-;w-}^ * y^i^ 

(0. 3mmo l) O^fc^ I- > (3. 0ml) V > V * * 

V> (3 . 7 mm ol/g, 2243mg, 0. 9 mm o l) t^U* a. 7 — s s-"f 4 A 
(3 0mg) «riJIl*.fco M^tfit20^WL^ r//7>7^^- (Wh 
atman 0.15 Aim) *ILfil,IU tt^^^t t £lT©E£«Cf ffl t/cc 

[HJt« 1 1 
[0 0 2 2] 

M (ID 7 9- h (2 0 m o 1 ) ^7iV>7 5 > (2 2 ^ m o 1 ) KfiLffc.* ■f- 
Vy (1. 5ml) *Jnx, tfit-6^n»Litc €V^a7->-7'3A (lOmg 
) &jJHx.fc?&> 0 o CK?££PU i2C^tWJ (vi;;vaiy-;i/ar--r;V, 0. 1mm 
o 1 ) <Dmt*i-^> (0. 5ml) mWLtHF IP (0. 4mmo 1 ) ©MMf 
(0. 5ml) »«tlDilfc. |^-C»1 1 ti#/;N-in- « - ^ 5 >fv 
x^f;v©»f (0. 1M, 2ml) fc. y'j;vxy-;vx-r^ ( 

0. 2mmol) (2ml) it^o<l) Git 8 B#H§) ?&T l> $ h 

[0 0 2 3] 
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0 (2 ' 15eq) O 

BO^" Troc MS3A a , HFIP (2.0 eg) rS^^ 1 * 
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3 CH 2 CI 2 ,0°C * 
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a 50 g/mol b 1 and 2 were slowly added for 8 h. 

OSiMe 3 OSiEt 3 

2a" R = Ph 2g: R = m,p-Cl2C 6 H 3 21 

2b : R = p-Tol 2h: R = a-naphthyl 

2c:" R = p-Cl C 6 H 4 2i : R = P^naphthyl 

2d- R = p-Br C 6 H 4 2j : R = m-N0 2 C 6 H 4 

2e: R = p-IC 6 H 4 2k: R = Me 

2f: R = p-MeOC 6 H 4 

[0 0 2 4] 

^ 3=- v * x * v ^;v^x T £1T KspiTo 

(lS)-[3-0xo-3-phenyl-l-(2,2,2-trichloro-ethoxycarbonylamino)-propyl]-phosphonic 

acid diethyl ester (4a): [«] 27 d -6.34 (92% ee, c 0.99, CHCh); *H NMR (CDCh) 
$ =7.96 (2H, m), 7.59 (1H, m) . 7.47 (2H, m) , 4.81 (1H, d, J = 12.0 Hz), 4.66 ( 
1H, d, J = 12.2 Hz), 4.9-4.7 (1H, m) , 4.2-4.1 (4H, m) , 3.6-3.35 (2H, m), 1.32 (3 
H, t, J = 7.0Hz), 1.29 (3H, t, J = 7.4 Hz); 13 C NMR (CDCh) 8 = 196.0 (d, J = 1 
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0 7 Hz), 154.0 (d, J = 5.7 Hz), 136.2 (s), 133.5 (s) , 128.7 (s) , 128.1 (s), 95.3 
(s) 74.7 (s), 63.2 (J = 6. 5 Hz), 62.8 (J = 6. 3 Hz), 44.4 (d, J = 160.0 Hz), 38 
2 (d, J = 4.2 Hz), 16.3 (J = 5.8 Hz), 16.3 (J = 5. 8 Hz); IR 3743, 3239, 3053, 2 

982, 2360, 1739, 1691, 1598, 1579, 1544, 1449, 1393, 1367, 1229, 1146, 1031,972, 
819, 757, 737 cnf 1 , ; Chiral HPLC, Daicel Chiralcel AD, hexane/'PrOH = 9/1, flo 

w rate =1.0 mL/min; tn = 18.4 min (R) , t R = 23.0 min (S) 
[0 0 2 5] 

(lS)-[3-0xo-3-p-tolyl-l-(2, 2,2-trichloro-ethoxycarbonylamino)-propyl]-phosphom 
c acid diethyl ester (4b): [«] 26 d -4.50 (85% ee, c 1.63, CHCh); J H NMR (CDCb 
) 5=7.86 (2H, m), 7.27 (2H, m), 4.81 (1H, d, J = 12.0 Hz), 4.66 (1H, d, J = 12. 
2 Hz), 4.9-4.7 (1H, m) , 3.6-3.35 (2H, m) , 1.32 (3H, t, J = 7.0 Hz), 1.29 (3H, t, 

J = 7.4 Hz); 13 C NMR (CDCls) 8= 195.7 (d, J = 9.8 Hz), 154.1 (s) , 144.5 (s) , 1 
33.8 (s), 129.4 (s), 128.3 (s) , 95.4 (s) , 74.7 (s), 63.2 (d, J = 6.6 Hz), 62.8 ( 
d J = 6.5 Hz), 44.7 (d, J = 160.4 Hz), 38.1 (s), 16.5 (d, J = 5.8 Hz), 16.3 (d, 

J = 5.8 Hz); IR 3432, 3241, 3047, 2981, 2099, 1739, 1686, 1607, 1545, 1439, 141 
0, 1367, 1231, 1183, 1147, 1031, 978, 817, 766, 736, 542, 465 cm" 1 ; Chiral HPLC, 

Daicel Chiralcel AD, hexane/PrOH = 9/1, flow rate =1.0 mL/min; tR = 19.4 min 
(minor, R), tR = 25.9 min (major, S) Anal. Calcd for C17H23CI3NO6P C:43.01, H:4. 
88, N: 2.95. Found C:42. 75, H:5.12, N:2.98 
[0 0 2 6] 

(IS)- [3- (4-Chloro-phenyl) -3-oxo-l- (2, 2, 2-trichloro-ethoxycarbonylamino) -propyl] 
-phosphonic acid diethyl ester (4c): [«] 26 d -2.71 (91% ee, c 0.56, CHCh); *H 
NMR (CDCb) S = 7.90 (2H, m) , 7.46 (2H, m) , 5.74 (1H, d, J = 9.8 Hz), 4.80 (1H, 
d J = 12.0 Hz), 4.67 (1H, d, J = 12. 0 Hz), 4.9-4.7 (1H, m) , 4.2-4.1 (4H, m), 3. 
6-3.35 (2H, m), 1.32 (3H, t, J = 7. 0 Hz), 1.29 (3H, t, J = 7. 4 Hz) ; 1 3 C NMR (CDC 
1 3 ) 5 = 194.9 (s), 154.0 (s), 135.0 (s) , 132.1 (s) , 129.7 (s) , 128.9 (s), 95.3 ( 
s), 74.8 (s), 63.3 (d, J = 7.5 Hz), 62.9 (d, J = 7.4 Hz), 44.5 (d, J = 160.5 Hz) 
38.3 (s), 16.5 (d, J = 5.8 Hz), 16.3 (d, J = 5. 8 Hz) ; IR 3437, 3060, 2988, 236 
0, 2092, 1742, 1685, 1627, 1544, 1470, 1392, 1369, 1260, 1220, 1146, 1124, 1081, 
1030, 968, 861 cm" 1 ; Chiral HPLC, Daicel Chiralcel AD, hexane/'PrOH = 9/1, flow 
rate =1.0 mL/min; tR = 21.8 min (R) , tR = 34.5 min (S) Anal. Calcd for Ci s H2 1 C 
IsNOeP C: 38.81 H: 4.07 N: 2.83. Found C: 39.01 H: 4.37 N: 2.83 
[0 0 2 7] 

(lS)-[3-(4-Bromo-phenyl)-3-oxo-l-(2,2,2-trichloro-ethoxycarbonylamino)-propyl]- 
phosphonic acid diethyl ester (4d) : [«]26D -5.63 (92% ee, c 4.33, CHC13) ; X H NM 
R (CDCb) S= 7.82 (2H, m) , 7.62 (2H, m) , 6.03-5.90 (1H, m) , 4.80 (1H, d, J = 12 

0 Hz) 4.66 (1H, d), 4.90-4.60 (1H, m) , 4.20-4.11 (4H, m) , 3.51-3.35 (2H, m) , 1 
.32 (3H, t, J = 7.1 Hz), 1.30 (3H, t, J = 7. 1 Hz); 13 C NMR (CDC 13) *- 195.1, 15 
4.0, 135.0, 132.1, 129.7, 128.9, 95.3, 74.8, 63.3 (d, J = 7. 5 Hz) , 62.9 (d, J = 
7.4 Hz), 44.5 (d, J = 160.5 Hz), 38.3, 16.5 (d, J = 5.8 Hz), 16.3 (d, J = 5.8 Hz 
); IR 3447, 2989, 2084, 1735, 1683, 1641, 1586, 1545, 1395, 1227, 1151, 1029, 97 
6,' 813, 728, 548 cm" 1 ; LRMS (FAB) m/z = [M+H] + ; HRMS (FAB); Exact mass calcd fo 
r'ciefeiBrClsNOeP [M+H] + , 537.9355. Found 537. 9343; HPLC, Daicel Chiralcel AD, h 
exane/iPrOH = 9/1, flow rate = 1.0 mL/min, tR = 21.5 min (R), tR = 34.5 min (S) . 

[0 0 2 8] 

(lS)-[3-(4-Iodo-phenyl)-3-oxo-l-(2,2,2-trichloro-ethoxycarbonylammo)-propyl]-ph 
osphonic acid diethyl ester (4e) : [«] 27 d -5.67 (89% ee, c 1.89, CHCb); J H NMR 

(CDCb) d= 7.84 (2H, m) , 7.66 (2H, m) , 6.3-5.8 (1H, m) , 4.80 (1H, d, J = 12.1 
Hz), 4.66 (1H, d, J = 11.9 Hz), 4.9-4.6 (1H, m) , 4.2-4.1 (4H, m) , 3.55-3.30 (2H, 

miE# 2005-3033587 
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m) 1.35-1.25 (6H, m) ; 13 C NMR (CDCls) 5= 195.4, 154.0, 138.1, 135.5, 129.5, 10 

1 8 95 3 74.7, 63.4 (d, J = 6.8 Hz), 62.9 (d, J = 6.8 Hz), 44.5 (d, J = 159.8 
Hz)' 38 3' 16.5, 16.4 16.3; IR 3436, 3247, 3055, 2981, 2318, 2098, 1738, 1635, 1 
58l! 1541, 1438, 1394, 1367, 1229, 1146, 1082, 979, 819, 730, 549 cm- 1 , Chiral 
HPLC Daicel Chiralcel AD, hexane/ PrOH = 9/1, flow rate = 1.0 mL/min; t R = 15.7 

min (R), t R = 29.7 min (S) ; Anal. Calcd for CieHsiClsNOeP C: 32.76 H: 3.44 N: 2 
.39. Found C: 32.60 H: 3.58 N: 2.49 

[0 0 2 9] . 

(lS)-[3-(4-Methoxy-phenyl)-3-oxo-l-(2,2,2-trichloro-ethoxycarbonylamino)-propyl 

]-phosphonic acid diethyl ester (4f ) : [«] 26 d -6.47 (68% ee, c 2.09, CHCls); J H 
NMR (CDCls) 5= 7.94 (2H, m) , 6.94 (2H, m) , 6.1-5.8 (1H, m) , 4.81 (1H, d, J = 1 

2 2 Hz), 4.65 (1H, d, J = 12.2 Hz), 4.8-4.7 (1H, m) , 4.2-4.1 (4H, m) , 3.55-3.32 
(2H, m), 1.32 (3H, t, J = 7.1 Hz), 1.29 (3H, t, J = 7.1 Hz); 13 C NMR (CDCls) 5 = 

194.6, 163.9, 154.0, 135.6, 129.4, 129.7, 113.9, 95.4, 74.7, 63.2 (d, J = 6.6H 
z) 62.8 (d, J = 6.6 Hz), 55.5, 44.7 (d, J = 159.7 Hz), 37.8, 16.5 (d, J = 4.9 H 
z), 16.3 (d, J = 5. 7 Hz); IR 3473, 2319, 2087, 1680, 1547, 1449, 1398, 1362, 122 
7, 'll50, 1029, 967, 810, , 729, 689, 547 cm" 1 ; HRMS (FAB); Exact mass calcd for 

C17H24CI3NO7P [M+H] + , 490.0356. Found 490. 0374; Chiral HPLC, Daicel Chiralcel A 
D, hexane/ 1 PrOH = 9/1, flow rate =1.0 mL/min; t R = 31.0 min (minor, R) , t R = 47 
.0 min (major, S) 
[0 0 3 0] 

(lS)-[3-(3,4-Dichloro-phenyl)-3-oxo-l-(2,2,2-trichloro-ethoxycarbonylamino)-pro 
pyl]-phosphonic acid diethyl ester (4g) : [«] 27 d -5.88 (89% ee, c 4.05, CHCls); 

*H NMR (CDCls) 1H NMR (CDCls) 5 = 7. 90 (2H, m) , 7.46 (2H, m) , 5.74 (1H, d, J = 
9 8 Hz) 4.80 (1H, d, J = 12.0 Hz), 4.67 (1H, d, J = 12.0 Hz), 4.9-4.7 (1H, m) , 
4 2-4.1 (4H, a), 3.6-3.35 (2H, m) , 1.32 (3H, t, J = 7.0 Hz), 1.29 (3H, t, J = 7. 
4 Hz); 13 C NMR (CDCls) 5 = 195.1, 154.0, 135.0, 132.1, 129.7, 128.9, 95.3, 74.8, 

63 3'(d J = 7.5 Hz), 62.9 (d, J = 7.4 Hz), 44.5 (d, J = 160.5 Hz), 38.3, 16.5 
(d J = 5 8 Hz), 16.3 (d, J =5.8 Hz); IR 3235, 3050, 2981, 2355, 1739, 1687, 159 

0 ' 1570 1540, 1444, 1400, 1367, 1228, 1146, 1094, 1032, 975, 823, 738, 557, 526 
,'461 cm- 1 ; HRMS (FAB); Exact mass calcd for CiefaoClsNOeP [M+H] + , 527.9471. Fou 
nd 527.9496; Chiral HPLC, Daicel Chiralcel AD, hexane/ 1 PrOH = 9/1, flow rate = 1 
.0 mL/min; tR = 14.4 min (R) , tR = 26.6 min (S) 

[003 1 ] _ u 

(lS)-[3-Naphthalen-l-yl-3-oxo-l-(2,2,2-trichloro-ethoxycarbonylammo)-propylJ-ph 

osphonic acid diethyl ester (4h) : [«] 27 d -6.33 (92% ee, c 0.99, CHCls); X H NMR 

(CDCls) 5=8.65 (1H, m), 8.02-7.85 (3H, m) , 7.64-7.46 (3H, m) , 6.20-5.75 (1H, 
m) 4.77 (1H, d, J = 12.1 Hz), 4.67 (1H, d, J = 12. 1 Hz), 4.85-4.70 (1H, m) , 4.2 
5-4 10 (4H, m), 3.64-3.52 (2H, m) , 1.33 (3H, t, J = 7. 1 Hz), 1.29 (3H, t, J = 7. 

1 Hz )- 13 CNMR (CDCls) 5=19??, 154.0, 134.7, 134.0, 133.4, 130.1, 128.4, 128.3 
128*2 126.6, 125.8, 124.3, 95.4, 74.7, 63.3 (d, J = 7.4 Hz), 62.9 (d, J = 6.8 

'Hz) 44 9 (d J = 158.9 Hz), 38.3 (s) , 16.5, 16.4, 16.3; IR 3430, 3240, 3052, 2 
987,' 2364, 2099, 1744, 1691, 1541, 1508, 1438, 1394, 1370, 1254, 1146, 1099, 102 
9 968, 802, 777, 738, 541 cm" 1 ; HRMS (FAB); Exact mass calcd for C20H23CI5NO6P 
[M+H] + ] 510'. 0407. Found 510.0422; Chiral HPLC, Daicel Chiralcel AD, hexane/ 1 PrOH 
= 9/l', flow rate = 1.0 mL/min; tR = 14.3 min (R) , tR = 21.6 min (S) 
[0 0 3 2] 

(IS) - [3-Naphthalen-2-yl-3-oxo-l- (2, 2, 2-tr ichloro-ethoxycarbonylammo) -propyl J -ph 
osphonic acid diethyl ester (4i): [«] 25 d -16.4 (87% ee, c 1.41, CHCls); : H NMR 
(CDCls) 5=8.49 (1H, m) , 8.02-7.84 (2H, m), 7.65-7.50 (2H, m) , 6.2-6.0 (1H, m) 
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4 82 (1H, d, J = 12.1 Hz), 4.67 (1H, d, J = 11.9 Hz), 5.0-4.8 (1H, m) , 4.25-4. 
10 (4H, m), 3.75-3.50 (2H, m) , 1.37 (3H, t, J = 7. 1 Hz), 1.29 (3H, t, J = 7. 1 Hz 
)• 13 C NMR (CDCh) S= 196.0, 154.1, 135.7, 133.6, 132.4, 130.2, 129.6, 128.8, 1 
28 6 127.8, 126.9, 123.7, 95.4 (s), 74.7 (s) , 63.3 (d, J = 7.4Hz), 62.9 (d, J = 
6 8 Hz), 44.7 (d, J = 160.4 Hz), 38.3, 16.5 ,16.4, 16.3; IR 3852, 3237, 3056, 2 
986, 2359, 2102, 1737, 1685, 1628, 1596, 1542, 1469, 1438, 1392, 1369, 1226, 114 
6, 1124, 1030, 969, 859, 821, 735, 546,476 cm- 1 ; Chiral HPLC, Daicel Chiralcel A 
d' hexane/PrOH = 9/1, flow rate = 1.0 mL/min; t R = 20.0 min (R) , t R = 32.1 min 
(S); Anal. Calcd for C20H23CI3NO6P C: 47.03, H:4.54, N;2.74 Found C:47. 33, H:4. 
74, N:2.73 
[ 0 0 3 3] 

(IS) - [3- (3-Ni tro-phenyl) -3-oxo-l- (2, 2, 2-tr ichloro-ethoxycarbonylamino) -propyl]- 
phosphonic acid diethyl ester (4j): [«] 27 d -8.46 (94% ee, c 2.12, CHCh); : H N 
MR (CDCh) 5= 7.90 (2H, m), 7.46 (2H, m) , 5.74 (1H, d, J = 9.8 Hz), 4.80 (1H, d 
J = 12.0 Hz), 4.67 (1H, d, J = 12. 0 Hz), 4.9-4.7 (1H, m) , 4.2-4.1 (4H, m) , 3.6 
13.35 (2H, m), 1.32 (3H, t, J = 7.0 Hz), 1.29 (3H, t, J = 7.4 Hz); 13 C NMR (CDC1 
3) 8 = 195.1 (s), 154.0 (s), 135.0 (s), 132.1 (s) , 129.7 (s), 128.9 (s), 95.3 (s 
) 74.8 (s), 63.3 (d, J = 7.5 Hz), 62.9 (d, J = 7.4 Hz), 44.5 (d, J = 160.5 Hz), 
38 3 (s), 16.5 (d, J = 5.8 Hz), 16.3 (d, J = 5.8 Hz); IR 3233, 3049, 2987, 1739 
1698, 1614, 1531, 1478, 1440, 1392, 1352, 1228, 1147, 1093, 1031, 970, 887, 81 
9, 735, 545 cm" 1 ; HRMS (FAB); Exact mass calcd for C16H21CI5N2O8P [M+H]\ 505.01 
01. Found 505.0123; Chiral HPLC, Daicel Chiralcel AD, hexane/PrOH = 9/1, flow r 
ate = 1.0 mL/min; tR = 28.3 min (minor, R) , tR = 53.0 min (major, S) 
[0 0 3 4] 

(IS)- [3-0xo- 1- (2,2,2-trichlo ro-e thoxycarbony 1 am i no) -but y 1 ] -phosphon i c ac 1 d diet 
hyl ester (4k): [«] 23 d -3.61 (89% ee, c 1.16, CHCh) ; *H NMR (CDCh) d= 6.2-5 
.4 (1H, m), 4.80 (1H, d, J = 11.9 Hz), 4.69 (1H, d, J = 11.9 Hz), 4.6-4.4 (1H, m 
) 4 3-4.0 (4H, m), 2.94 (1H, d, J = 7.0 Hz), 2.90 (1H, d, J =6.4 Hz), 2.22 (3H, 

s) 1 332 (3H, t, J = 7.0 Hz), 1.326 (3H, t, J = 7.0 Hz); 13 C NMR (CDCh) ? = 19 
5 1 (s), 154.0 (s), 135.0 (s) , 132.1 (s) , 129.7 (s) , 128.9 (s) , 95.3 (s) , 74.8 ( 
s) 63.3 (d, J = 7.5 Hz), 62.9 (d, J = 7.4 Hz), 44.5 (d, J = 160.5 Hz), 38.3 (s) 
16.5 (d, J = 5.8 Hz), 16.3 (d, J = 5. 8 Hz) ; IR 3437, 3053, 2988, 1735, 1643, 1 
542, 1400, 1369, 1226, 1149, 1095, 1032, 968, 819, 729, 544 cm" 1 ; HRMS (FAB); Ex 
act' mass calcd for Ci 1H20CI5NO6P [M+H] + , 398.0094. Found 398.0087 
[0 0 3 5] 

(3S)-3-(Diethoxy-phosphoryl)-3-(2,2,2-trichloro-ethoxycarbonylamino)-thiopropio 
nic acid S-tert-butyl ester (41): [«] 28 d -10.68 (90% ee, c 2.83, CHCh); >H NM 
R (CDCh) S= 5.90-5.75 (1H, m) , 4.77 (1H, d, J = 12. 0 Hz), 4.72 (1H, d, J = 12. 
2 Hz) 4 65--4.50 (1H, m) , 4.25-4.05 (4H, m) , 3.10-2.75 (2H, m) , 1.45 (3H, s) , 1 

332 (3H t, J = 7.1 Hz), 1.329 (3H, t, J = 7.1 Hz); 13 C NMR (CDCh) d= 196.0 ( 
d J = 18.9 Hz), 153.9 (d, J = 7.4 Hz), 95.3 (s), 74.7 (s) , 63.2 (d, J = 9.0 Hz) 
,'62.9 (d, J = 8.2 Hz), 48.7 (s) , 46.2 (s), 44.1 (s) , 43.6 (s) , 43.5 (s) , 29.6 ( 
s), 16.4, 16.4, 16.3 IR cm" 1 ; Chiral HPLC, Daicel Chiralcel AD, hexane/'PrOH = 1 
9/1 flow rate =0.5 mL/min; t R = 34.1 min (minor, R) , tR = 38.3 min (major, S) ; 

Anal. Calcd for C14H25CI3NO6PS C: 35.57 H: 5.33 N: 2.96, Found C: 35.30 H: 5.08 

N: 3.02 

mmm 2 ] 

[0 0 3 6] 
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M (II) b'J7?-> (20/zmol) i:*9^75 > ( 2 2 ^ m o 1 ) -f- 
V> (l. 5ml) ZHWtL, ^rU^60#f H 1»L/io ^l/^^7-5/-y3 A (lOmg 
) fcjjnx.fcft, 0°Ct<t±PU yiJjyxy-jVx-f^ (2 a, 0. lmmo 1) ©tft 
(1ml) *tR*tnx.fco S^tlli 1 Tl|f:N -§1- « - ^? > 
f^r^«^f^>i$ (0. 1M, 2ml) t, SflE, i/'J^-^i-r 
;V (0. 2mmol) O^fc^^W (2ml) »«**9>o < fj (M^8B#P^) iTU 

m 1 ) L, HF-tf'J v > (W) fc^a-fco JStm*^ h'JfA * 

fi^t-r^>N-«m- « -75 y -7 - t 7 * V fy XX t /Co SHii 
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